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widespread in more than 28 states. 
the SMA increased up to 20-30% as 
 It was also reported that Japan had a successful track record of using SMA and continuously used until to 
date. However, this phenomenon is not happening in many developing countries as it is learnt that the capital 
cost of SMA production is 20-30% higher
much has been done to improve the quality of the mix through research and innovations 
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Australian Journal of Basic and Applied Sciences, 10(10) June 2016, Pages: 178-184

 
AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  
Journal home page: www.ajbasweb.com 

 

 

Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

Nadzrol Fadzilah Ahmad, Ratnasamy Muniandy, Salihudin Hassim and Eltaher Aburkaba
beads in Stone Mastic Asphalt Mixture. Aust. J. Basic & Appl. Sci., 10(10): 178

of Chained Interlocking Plastic-beads in Stone Mastic Asphalt 

Muniandy, Salihudin Hassim and Eltaher Aburkaba 

Department of Civil Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor Darul

Nadzrol Fadzilah Ahmad, Department of Civil Engineering, Faculty of Engineering, Universiti Putra Malaysia, 43400 UPM, Serdang, 

86567129; E-mail: Nadzrol@llm.gov.my 

A B S T R A C T  
The use of Stone Mastic Asphalt (SMA) has been increasing from year to year 
especially in Europe and other developed countries even though the cost is 20
higher as compared to the traditional hot mix asphalt (HMA). Many attempts have been 
made through research and innovations to minimize the cost of SMA. Most of the 
research carried out this far attempted to improve either the binder or aggregate 
properties in the SMA mix designs. It is also a known fact that SMA is generally a rut 
resistant mix rather than a fatigue resistant mix. An idea was thought out to reinforce 
SMA mixtures in terms of fatigue and other properties using recycled waste plastics as 
interlocking and reinforcing agents. This study was aimed 
incorporating specially formulated chained interlocking beads from waste plastics. The 
shapes and sizes were developed based on the total Voids in mineral Aggregate (VMA) 
and the percentage of aggregates passing 8 mm and retained on 4.75mm sieve sizes. 
Each set of plastic beads consists of 2 beads. A total of five combination
were carried out using 4 and 6 mm bead sizes and link diameters of 0.5 and 1 mm with 
a standard link length of 20mm. The beads were coded as M4/0.5, M4/1.0,M6/0.5, and 
M6/1.0and used in percentages of 0.5%, 1%, and 1.05% by total weight aggregates. 
The percentages were worked out based on a newly devised replacement technique in 
replacing the aggregates passing 8mm and retained on the 4.75mm sieve. The mix 
designs with various bead size and link thickness were analyzed for 
flow, density, Marshall Quotient as well as air voids and voids in mineral aggregates. It 
was observed that the performance of the specimens with plastic beads out
the control samples without the bead reinforcement.  

INTRODUCTION 

SMA is a stone to stone skeletal mix with a slightly higher binder contents of 6.0 to 6.5% on the average. 
he superiority of Stone Mastic Asphalt (SMA) mixture in resisting rutting more than the 

researchers worldwide. Due to this reason, the use of SMA is on the 
Europe and other developed countries. In United States of America, 

 The significance of SMA achievements were reported
as compared to conventional mixtures  (Al-Hadidy et al

It was also reported that Japan had a successful track record of using SMA and continuously used until to 
date. However, this phenomenon is not happening in many developing countries as it is learnt that the capital 

30% higher as compared to the traditional Hot Mix Asphalt (HMA). 
much has been done to improve the quality of the mix through research and innovations 
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aggregates fractions by enhancing SMA mixture performance. Most of the research goes to a single 
improvement either on asphalt or an aggregate. Some researchers introduced various types of polymers and 
pulverized rubber to modify the asphalt binder physical properties and others introduced a wide variety of fibers 
either mineral, cellulose or synthetic for stabilizing and increasing strain energy absorption. This is also to 
prevent binder drain down problems in SMA mixtures during hauling and laying. In addition to this, increased 
load during hot weather tend to induce drain down of binder to some extent. 
 On the other hand, since the percentage of filler required in SMA gradation can be as much as 8 to12 
percent, many researchers looked at various other types of filler which is more popular in recycled materials 
such as steel slag, coal ash, and ceramic waste to give good adhesion between the asphalt binder and 
aggregatesto prolong the service life of SMA (Muniandy R et al, 2012). As for the aggregate fraction, instead of 
modifying to the most suitable gradation and selection of good quality aggregates, various types of recycled 
materials such as glass, plastics in pallets form, and many other solid wastes including recycled concretes from 
demolished constructions work were used as aggregate replacement to reduce cost and part of environmental 
mitigation. 
       All the aforesaid efforts in SMA mixture had their own way of contribution to SMA property enhancement. 
However, different types of additives have different purpose to improve the characteristic SMA mixture. 
Asphalt mixtures in common have limited ability to resist tensile stresses and strains. Since a lot has been done 
in both areas, a new concept was thought out to develop interlocking chained plastic beads from waste plastics. 
Considerable amount of work went into developing appropriate sizes of beads and link length and diameter. A 
large portion of any typical SMA gradation is passing 8mm sieve. As such the preliminary design of beads is 
between 4 and 6 mm and the link diameters are 0.5mm to 1.0mm with a link length of 20mm. The final shape of 
beads adopted for the study is diamond shaped beads that would provide a better interlocking mechanism as 
compared with round plastic beads. A 2 and 3 bead system interlocking chained beads were selected for the 
study. The chained interlocking beads were used in the SMA mixtures in a similar manner as that of reinforced 
concrete to resist tensile stresses in the flexible pavement.  

 
MATERIALS AND METHOD 

 
Materials: 
Aggregates 
      The aggregates used in this research is crushed rock granite aggregates that are locally available and selected 
from one of the prominent quarry used to supply for highway and airport construction projects in Malaysia. 
Table 1 below shows the selected aggregate gradation for SMA14 as required by the Public Works 
Department’s (JKR) specification as shown in Table 2 below.  
 
Table 1: Aggregates Gradation. 

Sieve Designation (mm) 
Specification 

 
Used Gradation (Median) Weight Retained (g ) 

12.5 100 100 0 
9.5 72 - 83 77.5 270 
4.75 25 - 38 31.5 552 
2.36 16 - 24 20 138 
0.6 12 - 16 14 72 
0.3 12 -15 13.5 6 

0.075 8 - 10 9 54 
Filler   108 

          
Table 2: Aggregates Properties. 

Type of Test JKR Requirement Value 
L. A Test <30% 4.4 

AIV <15% 7.85 
Flakiness Index <20% 17.55 
Soundness Test 

SG Coarse Aggregate 
<12% 

2.38 
2.63 

 
Bitumen: 
      Although a minimum penetration grade of 60-70 was desirable for the study amore traditionally soft 80/100 
penetration grade was used. This is widely used in Malaysian highway industry (Muniandy R et al, 2002). This 
is mainly due to the capital cost which much cheaper compared to other binder grades and the accessibility for 
the resources. Besides, the main objective of this study is to determine the effect of the reinforcing plastic beads 
regardless of the type of binder used. An attempt was made by incorporating the newly developed Chained 
Interlocking Plastic Beads (CIPB) to substitute the higher cost of harder bitumen as 80/100 penetration grade is 
considered soft since the axle loads on the road has increased many folds over the years. CIPB is designed to 
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provide a better performance with the intention to continue the use of 80/100 penetration grade in the industry. 
The physical properties of the 80-100 penetration graded bitumen are as shown in Table 3. 
 
Table 3: Asphalt Physical Properties - 80/100. 

Parameter Measured Measured value 
Penetration at 25°C 90 

Softening point (R&B) °C 42.25 
Viscosity at 135°C 338 
Viscosity at 165°C 150 

 
Chained Interlocking Plastic-beads (CIPB): 
      The CIPBs were designed and fabricated from thermoplastic type which is Nylon 66 Mapex AT0110GN. 
This type of plastic could meet the criterion of melting point up more than 2000C as the mixing temperature for 
asphalt mixtures range from 155oC to 170oC. Table 4 below shows some of mechanical properties of Nylon 66 
Mapex AT0110GN whilst Figure 1 displays typical size and dimensions of CIPB.CIPB is divided into 4 
classifications which were 4mm and 6mm in bead diameter with 0.5mm and 1.0mm chained diameter at 20mm 
spacing between the beads. Therefore, five matrix combinations for the mix design were established for this 
study which is four combinations with CIPB at different sizes and a mix without CIPB as control. Table 5 
indicates the 5 types of matrix combination respectively used in the study. 
 
Table 4: Engineering Properties for CPB. 

Properties Measured value 
Tensile Str,Yield, psi 7000 

Tensile Elongation,Break , % 80 
Flexural Strength , psi 10000 
Flexural Modulus, psi 225000 

Melting Point , °C 260 
Specific Gravity 1.06 

Water Absorption , % 23°C,24hr 0.8 

 

 
 
Fig. 1: Typical appearance of CIPB 
 
 Table 5 below shows a matrix combination of the CIPB and the percentages that were used in this study. 
 
Table 5: Matrix Combinations. 

CIPB Designation 
(mm) 

Description 
 

CIPB Content 
(%) 

M4/0.5 4mm dia. With 0.5 chained  
M4/1.0 4mm dia. With 1.0 chained 0.5 (6g) 
M6/0.5 6mm dia. With 0.5 chained 1.0(12g) 
M6/1.0 6mm dia. With 1.0 chained 1.5(18g) 
Control Without CPB 0 

 
Filler for SMA:  
      Since it is difficult to obtain large amount of fillers from any granite sources, Crushed Cement Powder 
(CCP) was used as filler in this study. It is typically used by the construction industry for highway construction. 
 
Sample Preparations: 
Determination of CIPB Contents: 
      Due to economic reasons and to avoid the additional cost of SMA production, this research looked into a 
replacement method whereby aggregates between 4 and 6mm were replaced with CIPB of the same volume and 
not by weight as the density of granite is much higher. Any attempt to replace aggregates with plastic beads by 
weight may result in a very low density mix with poor mix properties. The replacement of CIPB was selected at 
the bracket of coarse aggregates that passing 9.5mm sieve No. 3 and retained at 4.75mm sieve No.4since the 
designation of CIPB with 4mm and 6mm in diameters were partly in this bracket. Plastic is are light and have 
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low density as compared to aggregates. The specific gravity for the CIPB and coarse aggregates are 1.06 and 
2.63 respectively. Therefore the replacement for CIPB is more appropriate by volumetric approached rather than 
by weight. Assuming that the bracket of 9.5mm - 4.75mm has three different sizes of aggregates, the maximum 
portion that could be replaced is one third of the weight from that bracket. These amounts in consideration will 
approximately 184g (1/3 from 552g) or equivalent to 70cm3or 5.8% of total weight of aggregates from 1200g 
per Marshall sample with reference to Table 1. As the specific gravity for CIPB is 1.06, the amount to replace 
70cm3of aggregates is equivalent to 70g of CIPB. However this amount is totally not practical as the number of 
70g CIPB reached more than thousands pieces and will definitely affect compaction and mix properties. Finally 
for comparison purpose of the mixture with and without CIPB, the proportion of 0.5%, 1.0% and 1.5% from 
total of 5.8% for 1200g specimen was arbitrarily chosen and found to be more realistic. The proportions chosen 
were equivalent to 6g, 12g and 18g by total weight of aggregates respectively. The replacement of some portion 
of aggregates is shown in Table 6.  
 
Table 6: Portion of Replacement. 

CPB Proportion (%) Weight of Aggregate (g ) Weight of CPB (g) 
0.5 16 6 
1.0 32 12 
1.5 48 18 

 
Marshall Specimens: 
 The Marshall Method approach as described in ASTM D1559 was employed for this study which is still 
popular and reliable among pavement engineers. This method is a rational approach to selecting and 
proportioning three materialize asphalt cement, mineral aggregates and CIPB to obtain the optimum asphalt 
content to achieve the specified properties. A total of two hundred twenty five (225- 5matrix combinations x 3 
CPB content x 5 range asphalt content x 3samples) numbers of cylindrical specimens of 100mm diameter were 
prepared with asphalt contents between 4 – 6% (4%, 4.5%, 5%, 5.5% and 6%) by weight of aggregate and 
CIPB. All mix designs did not have the typical cellulose fiber as normally used in SMA mixture to avoid a 
conflict performance between fiber and CIPB performance as a result. The dry blending process was used where 
CIPB was blended with the aggregates before adding asphalt at a mixing temperature of 165oC. In order to 
achieve the specific densities; all specimens were prepared using the Marshall Compacting procedure of 75 
blows per side at 145oC.  
 

RESULTS AND DISCUSSION 
 
 Marshall Properties test and Resilient Modulus test were conducted for this study to assess the influence of 
incorporating CIPB in SMA mixture properties. As for comparisons, the results of the Marshall Properties and 
Resilient Modulus tests were statistically analyzed with a 5% level of significance at optimum asphaltcontents 
for each type of matrix combinations as displayed in Figure 2 (a) – (f). 
 
Marshall Stability: 
 Figure 2 (a) shows the results of Marshall Stability value for control mix and CIPB mixes. It can be seen 
that the stability value decreases with increased in percentage of CPB amount. The trend is same as depicted in 
Figure 2 (a) for each type of CIPB mixture. Figure 2 (a) also illustrates that the stability for the control mix is 
higher than CIPB mixes except for mix M6/0.5 with 0.5% CIPB content found to be the only type of CIPB 
mixture that gave 5% increase in stability value as compared with the control mix. The lower stability in CIPB 
mixture could be due to the diamond shaped beads that are not irregular like that of aggregates and may 
interrupt the matrix of aggregate stone-on-stone skeleton which is a fundamental concept for SMA. A 
replacement of certain portion of aggregate will affect the aggregate gradation. Hence the least replacement 
which is 0.5% attributes the lowest impact to aggregate gradation and stability. However other factors such as 
compaction effort may also affect the mixture performance. By incorporating more CIPB tend affect the 
compaction effort. However, the stability values for all mixes meet the minimum requirement which is greater 
than 6.2 k N as specified in the JKR’s requirement. 
 
Marshall Flow: 
 As can be observed in Figure 2(b), an increase in CPB content causes the flow value to be increased as well. 
The results reflected the same correlation that contributed a decrease in stability. The higher value in flow which 
achieve up to 9mm maximum is expected as soft asphalt 80/100 used in this study.  
 
Void in Total Mix: 
 The air voids in total mix is considered as one of the important parameters in the mix design. The values of 
air void in the compacted specimens have close relationship to rut and fatigue resistance and aging problems. 
Mixtures with higher air voids in total mix, tend to face cracking problem whilst lower air void may induce 
plastic flow and asphalt bleeding [5]. Figure 2 (c) revealed that the voids in the total mix increases as the CIPB 
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content increased. By the replacement of aggregates with CIPB results in increased surface area to the mixture. 
However, the air voids still meet the requirement of 3 – 5% as stated in the JKR SMA 14 specifications.  
 

 
 
Fig. 2: (a-f).Relationship between CIPB Content and Marshall properties. 
 
Void in Mineral Aggregate (VMA): 
 The minimum VMA requirements are recommended in order to provide adequate space for binder film 
thickness on the aggregates particles in compacted mixtures. Adequate film thickness around the aggregate will 
enhance the durability property of asphalt mixtures. Figure 2 (d) indicates that the VMA value increased by 
incorporating up to 1% CPB content, after which it started to decrease. The maximum value of 14.2% for VMA 
of CIPB mixture was at 8% higher in comparison to control mix. This value was slightly lower as required in the 
specification which is 16% minimum. 
 
Density: 
 As expected, regardless of the type of CIPB, the compacted CIPB density of the CIPB mixture was lower 
than the control mix. The replacement of various types and percentages of lower specific gravity CIPB by 
volume to the certain portion of coarse aggregates results in the reduction of the bulk density of the compacted 
mixes. The reduction was between 0.5% for 0.5% CIPB content and 1.78% for 1.5% CIPB content as shown in 
Figure 2 (e). 
 
Marshall Quotient (MQ): 
 Marshall Quotient, MQ (MQ; kg/mm) was derived to indicate the stiffness and deformation resistance of 
asphalt mixture[6]. The ratio between the stability and flow was calculated and presented in Figure 2 (f). As 
elaborated previously, since the stability for the CIPB mixtures gave lower value than control mix, and the flow 
increased with increase of CIPB content, MQ value tend to be decreased as the CIPB content increased. The 
drop in MQ value between the control mix and 0.5% CIPB content mix were 2.83 and 1.87 respectively.  
 
Resilient Modulus (MR): 
 The MR test results are presented in Figure 3. It can be observed that the MR values for the three types of 
CIPB mixtures (M4/0.5, M4/1.0, M6/0.5) showed a decreasing trend as the CIPB content increased. The MR 
value of control mix and the maximum value achieved for CIPB mixture (M6/0.5) at 0.5% CIPB content were 
3431Mpa and 4230MPa respectively. The percentage increase in the average MR value is found to be 
comparatively significant. The percentage increase in MR value of the 0.5% CIPB content (M6/0.5) was found 
to be 23%. 
 
Analysis of Variance (ANOVA): 
       In order to provide better understanding in comparisons of engineering properties to SMA mix without 
CIPB and SMA mixes with CIPB, the various SMA mixtures were statistically compared by using  a two-factor 
analysis of variance without replication. This statistical tool is to evaluate the significance of the role and effect 
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of each individual types and content of CIPB in determining the mixture properties. The significance level (α) of 
0.05 was employed in this analysis and all the properties result presented in Tables7 to 13. As can be seen in all 
tables, the role and effect of CIPB mixtures were only significant as revealed in value from the percentage 
content of CIPB incorporated. From all tables, the rows (CIPB content) value shows that the value of F is 
greater than the value of F-critical and the P-value is smaller than 0.05(α) which indicates that the percentage 
content play a major role in determining engineering properties of all mixtures. However from Tables 7 to 13 all 
the columns (Types of CIPB) values revealed the opposite results which are found to be not significance at all. 
All the F-value is smaller than F-critical while the P-value is greater than 0.05 (α). 
 

 
 
Fig. 3: Relationship between CIPB content and resilient modulus. 
 
Table 7: Anova: Two-Factor Without Replication for Stability. 

Source of Variation SS df MS F P-value F crit 
Rows 21.03022 3 7.010073 26.937 7.91E-05 3.862548 

Columns 2.560119 3 0.853373 3.279182 0.07259 3.862548 
Error 2.342156 9 0.26024 

   
Total 25.93249 15 

    
 
Table 8: Anova: Two-Factor Without Replication for Flow. 

Source of Variation SS df MS F P-value F crit 
Rows 48.04907 3 16.01636 51.57682 5.41E-06 3.862548 

Columns 1.820819 3 0.60694 1.954503 0.19148 3.862548 
Error 2.794806 9 0.310534 

   
Total 52.66469 15 

    
 
Table 9: Anova: Two-Factor Without Replication for VTM. 

Source of Variation SS df MS F P-value F crit 

Rows 0.71075 3 0.236917 4.770134 0.029517 3.862548 

Columns 0.14025 3 0.04675 0.941275 0.460404 3.862548 

Error 0.447 9 0.049667    

Total 1.298 15     

 
Table 10: Anova: Two-Factor Without Replication for VMA. 

Source of Variation SS df MS F P-value F crit 
Rows 1.49415 3 0.49805 2.154558 0.163349 3.862548 

Columns 0.1326 3 0.0442 0.191209 0.899751 3.862548 
Error 2.08045 9 0.231161 

   
Total 3.7072 15 

    
 
Table 11:  Anova: Two-Factor Without Replication for Density. 

Source of Variation SS df MS F P-value F crit 
Rows 17.85037 3 5.950123 43.12877 1.15E-05 3.862548 

Columns 0.777969 3 0.259323 1.879672 0.203456 3.862548 
Error 1.241656 9 0.137962 

   
Total 19.86999 15 
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Table 12: Anova: Two-Factor Without Replication for MQ. 
Source of Variation SS df MS F P-value F crit 

Rows 8.937875 3 2.979292 184.9534 2.11E-08 3.862548 
Columns 0.165725 3 0.055242 3.429384 0.065761 3.862548 

Error 0.144975 9 0.016108 
   

Total 9.248575 15 
    

 
Table 13: Anova: Two-Factor Without Replication for Resilient Modulus. 

Source of Variation SS df MS F P-value F crit 
Rows 1387045 3 462348.3 3.721944 0.054557 3.862548 

Columns 622271.5 3 207423.8 1.66978 0.24207 3.862548 
Error 1118001 9 124222.3 

   
Total 3127317 15 

    
 
Conclusion: 
 As for conclusion, after carrying out the analysis the significant findings through this research are 
summarized as follows; 
a) The incorporation of certain portion of CIPB as a reinforcing and interlocking material in SMA mixture 
may not so convince in the improvement of Marshall Properties. A key role of introducing reinforcement in 
SMA mixture was to increase the tensile strength as to provide better resistance in fatigue. This study will 
further focus on tensile strength test for their performance.  
b) The replacement of  6gor 0.5% by total weight of aggregates with 0.5% CPB content show a better result as 
compared to other proportion even though the results of Marshall properties lower than a control mix. The only 
mix that perform slightly better as compared to control was M6/0.5, gave an indication of  the possibility of 
using CIPB as a reinforced through interlocking mechanism.  
c) Even though a replacement of 6g or 0.5% by total weight of aggregates, still can be considered as a saving 
in cost and benefit to environmental or natural resources. 
d) The production of CPB would be used a recycled plastic with the same properties in the future. This will 
also benefit to mitigate environmental impact as most of plastics are non-degradable. 
e) From the analysis of variance, the content of CPB to be incorporated is highly significant.  
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